Introduction
Blood transfusion contributes to saving lives every day around the world, but it can also be a source of transmission of infectious agents, including HIV, HBV, and HCV. Although the performance of serological tests has been considerably improved in recent years, there remains a residual risk of transmission of viruses by blood transfusion. This residual risk is essentially related to the serological window, the time between infection and when the serological test can reliably detect that infection. 1 These infectious agents are major concerns for transfusion safety, especially in sub-Saharan Africa. Indeed, the highest prevalence of these three viruses is found in sub-Saharan Africa,
Dovepress

54
Yooda et al 5%-10% of HIV1 infection in this region is attributable to unsafe blood transfusion. 1, 3 In Burkina Faso, studies have reported very high seroprevalence of these infections in both the general population and blood donors. [4] [5] [6] In Burkina Faso, studies [5] [6] [7] have reported very high seroprevalence of these infections in both the general population and blood donors. In addition, a survey 8 conducted in 2005 among blood donors who attended the blood bank of Yalgado Ouédraogo Teaching Hospital concluded that there was insufficient knowledge of blood donors about transfusiontransmitted infections (TTIs). About 14.4% of blood donors were motivated at first donation by the result of HIV testing, and 40.3% did not have adequate knowledge of the concept of the HIV window. Most of thought that serological tests could reliably detect the infection immediately after exposure. Indeed, about 30% said that they would donate blood immediately if they were exposed to a risk of HIV infection. In order to improve transfusion safety, Burkina Faso, as recommended by the WHO, 9, 10 has undertaken since 2000 the reorganization of its transfusion system through the creation of a NBTC, which is the only blood operator in the country. The NBTC coordinates transfusion activities through four RBTCs, located in Ouagadougou, Bobo Dioulasso, Koudougou, and Fada N'Gourma. Since the operationalization of these RBTCs in 2005, blood policy has been continuously changed with integration of the recommendations of the WHO, 9,10 such as recruitment of unpaid voluntary donors from populations at low risk of TTIs, medical predonation selection, retention of blood donors, and the use of fourth-generation serological reagents for screening of TTIs.
In addition, the NBTC is committed to a continuous quality-control approach aimed at improving the quality of blood products and its services. This study aimed to estimate the residual risk of transmission of HIV, HBV, and HCV by blood transfusion at the RBTC of Ouagadougou (RBTC/O) and to propose additional measures to prevent transfusion risks.
Methods
Type and population study
This was a retrospective study conducted at the RBTC/O (the largest transfusion center in Burkina Faso) from January 1, 2015 to December 31, 2017. It involved 84,299 subjects accepted for blood donation after medical predonation selection at fixed sites and mobile collection sites. Medical selection was performed by qualified health workers based on a standardized predonation questionnaire designed to identify situations and behavior at risk for HIV, HBV, and HCV.
Data collection
At the RBTC/O, at each stage of the transfusion chain (collection, biological qualification of donations, blood-component preparation and distribution), information related to blood donors and their donations is recorded and managed by medical software (CTS Inlog server, France). Therefore, donors who have been previously tested positive for HIV, HBV, and HCV are detected and excluded when they return for another donation. For this study, donations and donor information collected included years of collection, sex, age, address of the donor, status of donor (first time or repeated), collection site (fixed or mobile collection), and results (positive or negative) of serological tests for HIV, HBV, HCV, and syphilis. A repeated donor was define as a donor who had donated blood twice during the study period. Otherwise, they were considered a first-time donor.
Serological tests Screening tests
HIV, HBV, and HCV serological tests were performed according to an algorithm defined by the NBTC. Initially, all donations tested with an Architect 1000 SR (Abbott Laboratories, Abbott Park, IL, USA). Architect HIV Ag/Ab Combo kits (Abbott), Architect HBsAg Qualitative II (Abbott), and Architect Anti-HCV (Abbott) were used to detect anti-HIV1 HIV1 antibodies and antigen P24 of HIV, surface-antigen HBs of HBV, and anti-HCV antibodies, respectively.
Confirmatory strategies
Due to limited resources, positive samples were not confirmed by reference tests, such as Western blot, for HIV or nucleic acid testing. Nevertheless, the algorithm applied by the NBTC defined confirmatory strategies. For HIV, initial reactive samples were retested in duplicate using the same kit. Negative results in duplicate were considered negative. In cases of positive reaction, a parallel algorithm sampling two rapid diagnostic tests (RDTs), a screening test ( Determine HIV1/2; Alere, Waltham, MA, USA) and an HIV1 and HIV2 discriminant test (ImmunoComb II HIV1/2; Orgenics, Yavne, Israel) was applied. Positive samples in both RDTs were considered positive. Discordant samples in both RDTs or between RDT and Architect were considered indeterminate.
For HBV and HCV, initial reactive samples were retested using Alere Determine HBsAg and SD Bioline HCV (Standard Diagnostics, Yongin, South Korea), respectively. Positive samples in both tests were considered positive, and discordant samples in both tests were 
Calculation of prevalence, incidence, and residual risk
The annual prevalence rates calculated for first-time donor by dividing the total number of 1-year positive donors for each virus (HIV, HCV, and HBV) by total number of first-time donors in the same year. The incidence rates were calculated for repeat donors who had made at least two donations in the study period as number of seroconverting (negative donation followed by positive) donors divided by the total number of person-years (PY). Number of PY was calculated by summing intervals in days between the first and the last donation for each donor during the study period (2015-2017), divided by 365. The residual risk of transmission of a viral infection related to the window period was estimated from the equation: Window durations were obtained from literature data: 11, 12 • 22 days for HIV • 66 days for HCV • 56 for HBV To take into account the transient nature of HBV antigenemia described in the literature, 11, 13 we multiplied the incidence rate by 0.4.
Statistical analyses
Data were analyzed using Epi Info version 7.0 statistical analysis software.
Ethical considerations
This study received the approval of the Ethics Committee for Health Research of Burkina Faso (deliberation 2015-6-080). Donors gave written informed consent, and the study was conducted according to the Declaration of Helsinki. The anonymity and confidentiality of the serological results of the donors were respected. To do this, tests were performed in the laboratory using donation identification numbers. The results were returned to donors by doctors or health workers authorized for this purpose.
Results
Basic characteristics of population under study
A total of 84,299 blood donors were included in this study. 
Discussion
In this study, we determined the residual risk of HIV, HBV, and HCV transmission by blood transfusion using the window-period method. This approach considered only donors who had donated blood at least twice (which represented only 18% of our study population). Therefore, this risk could have been underestimated. In addition, the confirmatory strategy defined by the algorithm for serological testing does not include gold-standard tests, such as Western blot or nucleic acid testing. This limits the reliability of our findings. HIV seroprevalence (1.80%) in our study was lower than the 9.8% 14 in 2002 and 4.6% 15 2006 reported among blood donors in Ouagadougou, but it was similar to findings reported in 2009. 16 HIV seroprevalence in blood donors reflected the seroprevalence in the general population in Ouagadougou, our study area. Indeed, in this region, HIV seroprevalence is 2% and remains higher compared to the national prevalence (0.8%) 17 in 2016. The seroprevalence of HBV (8.56%) in our study was lower than previously reported: 19.2% in 2002, 14 17 .3% in 2006, 15 and 13.4% in 2009 16 among blood donors in Ouagadougou. These findings were consistent with the evolution of HBV seroprevalence in the general population in Ouagadougou (14.5% 18 in 2014 to 10.4% 7 in 2017). In the general population, the prevalence of HBV was 9.1%. 19 The trend in the epidemiology of HBV in Burkina Faso could be explained by the impact of awareness campaigns organized in recent years on modes of transmission of this virus and preventive measures, such as vaccination against HBV.
There was no difference in HCV seroprevalence in our study (4.4%) and that reported among blood donors in Ouagadougou in 2002 (5.2%), 14 2009 (6.3%), 15 and 2011 (4.4%). 20 In the general population, the prevalence of HCV is 3.6%. 19 The situation described regarding the prevalence of HIV, HBV, and HCV in blood donors would rather indicate a positive impact of measures to control these infections in the general population, not effectiveness of education and medical selection of blood donors. Moreover, a study 21 reported that the predonation selection criteria were not effective to exclude all at-risk donors, showing that there was no significant difference between the positivity rate of TTIs among donors accepted for blood donation and those who had been denied.
Over the 2015-2017 period, incidence rates per 100,000 PY were estimated at 1,215 for HIV, 2,601 for HCV, and 1,599 for HBV. In contrast to the seroprevalence where HBV was higher thant HIV and HCV, the incidence rate was the highest for HCV. This observation was also reported in a recent study conducted at the RBTC of Bobo Dioulasso 22 (second-largest center in the country). This may be due to the longer HCV window period (66 days) than that for HBV (56 days). Also, the risk in collecting blood from donors in the window is higher for HCV than for HBV. In addition, serological anti-HCV antibody tests without confirmation tests has led to large proportions of false-positive results. 20, 23 These incidence rates were lower than those obtained in blood donors in 2009 in Burkina Faso, 16 (3679, 7,381, and 7,567 per 100,000 PY, respectively, for HIV, HCV, and HBV). In addition, incidence rates of HBV and HCV were comparable to those obtained in blood donors at the RBTC of Bobo Dioulasso. 22 Our results show that despite the efforts made in recent years, including the recruitment of unpaid volunteer donors, medical predonation selection, and donor awareness of risk factors for HIV, HBV, and HCV, a high number of new infections were detected among repeated donors in Burkina Faso.
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Yooda et al However, these incidence rates in our study were significantly higher than those reported in France 24 (1.05 per 100,000 PY for HIV, 0.53 per 100,000 PY for HCV, and 0.72 per 100,000 PY) over the period 2008-2010. They were also higher than those found in the USA 25 (2.98 per 100,000 PY for HCV) over the period [2007] [2008] . Over the 2015-2017 period, the estimated residual risk for HCV (1 in 213 donations) was double that for HBV (1 in 408 donations) and four times that for HIV (1 in 1,366) .
The residual risk of HIV was higher than in other countries of sub-Saharan Africa -4 times higher than in Côte d'Ivoire, 26 20 times higher than in Senegal, 27 11 times higher than in Gabon 28 -indicating that Burkina Faso is one of the African countries with the highest risk of transmission of HIV by blood transfusion. This result is a real concern for transfusion safety for our country, and requires more efforts in donor education and medical selection. Also, it would be necessary to investigate the donor population to identify risk factors for HIV infection that are not taken into account in the current medical selection criteria.
For HCV and HBV, the estimated residual risk rates of 1 in 213 donations for HCV and 1 in 408 donations for HBV were comparable to those reported at the Bobo-Dioulasso RBTC 22 Residual risk rates for HIV, HCV, and HBV in our study were also higher than in France 24 (1 in 2,900,000 for HIV, 1 in 7,000,000 for HCV, and 1 in 1,350,000 donations for HBV) over the period 2008-2010 and in the USA 25 (1 in 1,000,000 donations for HCV, 1 in 300,000 donations for HBV) over the 2007-2008 period. These large differences reflect the difference in the seroprevalence of these infections between developed and developing countries. Today, with the improvement in donor selection, advances in the biological qualification of donations, and efforts to prevent these infections in the general population, the residual risks of transmission of HIV, HCV, and HBV by blood transfusion are very low in developed countries. 24 In contrast, posttransfusion infectious risk remains a major public health concern in sub-Saharan Africa, because of the very high prevalence of these infections and the lack of financial resources for the establishment of adequate infrastructure and logistics, as well as to train staff in blood-transfusion services. Moreover, insufficient donor knowledge about blood donation, blood transfusion, and transfusion-transmissible diseases does not advocate for effective medical predonation selection. 8 This demonstrates the need to strengthen the education and information of blood donors and the general population in Burkina Faso.
Conclusion
Incidence rates and residual risk of transmission of HIV, HBV, and HCV by blood transfusion remain high in our country. It seems necessary to check risk behavior for HIV, HBV, and HCV in seroconverted blood donors, in order to undertake adequate changes in medical predonation criteria and strengthen the skills of blood-service staff for rigorous medical donor selection. In addition, we recommend the prevention of HBV infection by vaccination in repeated donors. Finally, the introduction of nucleic acid testing in donation screening will contribute to reducing the residual risk of transmission of HIV, HBV, and HCV by blood transfusion in Burkina Faso.
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